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Executive Summary: 
  
Life Cycle Assessment (LCA) is a tool used to capture the true direct and indirect 
effects of inputs and outputs needed for industrial processes in terms of environmental 
impacts as they relate to human and ecological health. The quantitative results from a LCA 
have the potential to inform and steer decision-making and policies from less favorable 
outcomes to more positive, less impactful outcomes in the present or for future applications. 
       The topic of municipal solid waste and recycling is one that can only be assessed on 
the local or “micro” level; there are no existing nationwide laws or uniformity even within 
single states in regards to solid waste management. Geography, technology, governance 
structures, and the sensitive nature of market values for recycled materials that operate 
strictly on local levels create a complex conglomerate of policies and programs across the 
United States. Even within one city, two adjacent neighborhoods can choose to accept 
widely varied materials to be recycled, and there are often partnerships between municipal 
and privately owned commercial entities facilitating the programs. These factors make it 
difficult to conduct life cycle assessments for geographical reasons.  
As a result, there is a significant lack of existing LCA data focused on assessing the 
benefits or negative impacts of the different disposal options for everyday trash.  
Since large university campuses are unique microcosms that highlight the aforementioned 
complexities, this paper applies LCA methodology using local variables to assess the 
environmental impacts of the food grade glass containers that are disposed of on Arizona 
State University’s Tempe campus throughout their two distinct end-of-life scenarios: glass 
to be recycled or glass to be sent to the landfill as refuse.   
A comparative, attributional LCA was performed for both of the scenarios, capturing 
the quantified outputs of the following impact indicators per kilogram of glass recycled or 
sent to the landfill: greenhouse gas emissions (GHG), energy consumption (kWh) and 
particulate matter (PM<2.5). The goal is to use the results to advise the campus recycling 
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and vending decision-makers so they can make better-informed decisions that can 
potentially contribute and help further develop the local market for recycled glass material. 
If ASU and the surrounding municipal solid waste stakeholders work together to boost glass 
recycling efforts, new policies can be implemented to create a stronger local market, making 
recycling or reusing unquestionably more attractive than throwing glass away. 
Background: 
          
In recent years, the use of glass by the beverage industry, excluding alcohol 
products, has been declining as a result of increased prices for shipping and producing virgin 
glass compared to the cheaper and lighter alternative, plastic (EPA, 2012). Therefore, the 
sale of beverages in glass containers on the Arizona State University campus has also been 
reduced significantly. 
Aside from economics, campus employees that manage the vendors that are 
permitted to sell products on campus are choosing products that come in plastic beverage 
bottles over glass for general student safety concerns. In terms of recycling, this shift from 
glass to plastic is not ideal, since unlike plastic and most other materials, glass can be 
recycled nearly infinitely without deterioration in quality (Edwards & Schelling, 1999). Since 
students have very little access to glass packaging, unless they purchase it off campus and 
dispose of it on campus, glass comprises very little of the general campus waste stream. 
The ASU Recycling Program Manager, Alana Levine, oversees two glass-recycling 
programs on campus: food and beverage glass containers of all colors and lab glass. This 
analysis does not include lab glass and focuses specifically on green, brown, and clear glass 
beverage bottles that are part of the commingled general recycling program run by a 
commercial company, Waste Management. This LCA follows the flow of glass from input, 
glass containers thrown away on ASU campus or accepted through the glass-recycling 
program, through the end of the container’s life cycle, whether it is landfill disposal or the 
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recycling process. These two options have distinct transportation routes, shown below in 
Figure 1. 
___________________________________________________________ 
 
Figure 1: Map of the Two Disposal Paths for Glass Beverage Containers 
The first scenario is the path a glass bottle takes once it is placed in a designated 
recycling bin on campus. The glass bottles are consolidated with other recyclables by ASU 
Services staff in compactors and picked up by Waste Management trucks. The recyclables 
travel 3.7 miles from ASU to the Sky Harbor Transfer Station (SHTS) to be processed and 
sorted (GoogleMap, 2013). From there, the sorted glass is taken 44 miles away to the 
Waste Management Materials Recycling Facility (MRF) for further processing and recycling 
(GoogleMap, 2013). The end product is glass cullet in three different colors, ready to be 
purchased and used for other glass products. 
The second scenario is for glass that simply gets tossed in the garbage bins. The 
garbage is also consolidated by ASU Services staff and picked up by Waste Management 
trucks. Instead of traveling first to the Sky Harbor Transfer Station, the garbage travels 47 
miles from ASU to the Waste Management Northwest Regional Landfill (GoogleMap, 2013). 
Both disposal paths have distinct industrial processes associated with them, and the 
purpose of this LCA is to capture the following three outputs for each step: greenhouse gas 
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emissions (GHG), energy consumption (kWh) and particulate matter (PM<2.5). Measuring 
how these industrial processes impact the environment in terms of human-induced air 
pollutants that have high global warming potential and human health impacts as well as 
quantifying how much non-renewable energy they require are key to encompassing and 
reporting the true total ‘costs’ of such activities. Particulate matter is especially important to 
calculate in this local situation, since Arizona State University is located in Maricopa County, 
which has a history of exceeding PM limits. High levels of PM in the air can negatively 
impact indoor and outdoor air quality (Arizona Indicators, 2012).   
The Recycling Programs Manager reported that for the fiscal year 2011-2012, ASU 
collected 2,408.78 tons of recyclables (Personal communication, March 8, 2013). This 
translates into an approximate weekly total of 42,023.23 kg of recyclables. ASU has not 
conducted studies to collect data on the exact material composition of the recyclables, but 
the Recycling Programs Manager assumes ASU reflects the average composition of U.S. 
Municipal Solid Waste as reported by the EPA. These estimates suggest that approximately 
23% of glass within the system is recycled while the remaining 77% is thrown away (EPA, 
2012).  Due to the low consumption of glass on the ASU Tempe campus, the percentage of 
glass collected by the program, or ASU’s glass recovery rate, is estimated by the Recycling 
Programs Manager to be about 5 percent (personal communication, March 8, 2013). This is 
roughly 2,101.16 kg of glass collected per week. 
Methodology: 
          
This life cycle assessment captures the processes of glass disposal and recycling, 
beginning with the collection of three colors of glass bottles on Arizona State University’s 
Tempe campus and ending with their final destination at the Northwest Regional Landfill in 
Surprise, Arizona, where the Waste Management Materials Recovery Facility is also located. 
Below, represented by Figure 2, is the system diagram, where the solid arrows represent 
transportation included within this study and the dotted arrows represent the induced 
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demand that landfilling creates for producing the next unit of glass. This does not take into 
consideration transportation impacts related to the next unit of glass. Additionally, the 
boundary does not include the initial production of glass containers or transportation 
upstream of ASU.   
____________________________________________________________ 
 
Figure 2: System Boundary Diagram 
The life cycle inventory captures quantities of the following impact indicators: GHG 
emissions in carbon dioxide equivalent (CO2eq), energy consumption (kWh), and PM <2.5 
(g) for the transportation needed between the sites and the glass sorting and processing 
procedures for the functional unit of 1 kg of glass per week. Data has been collected from 
three sources; EcoInvent, WARM, and published online studies. EcoInvent is a Swiss online 
life cycle assessment database that provides a variety of LCA studies on many different 
processes. WARM is a Waste Reduction Model created by the EPA to help solid waste 
planners and organizations track and report GHG emission reductions from several different 
waste management practices.  All other data collected has been compiled from a variety of 
published online sources, referenced throughout. 
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The process of collecting data began by creating a system boundary that accurately 
portrayed the ASU Tempe campus recycling and waste disposal system.  This was achieved 
by meeting with the ASU Recycling Program Manager to discuss current disposal practices at 
ASU.  After understanding the flow of waste from collection to disposal, data was gathered 
to reflect each process.  
The next step was to determine what information was available through EcoInvent. 
EcoInvent had previous LCA’s on clear, brown, and green glass sorting and recycling, as 
well as a LCA on landfill process.  The clear, brown, and green glass recycling studies were 
titled ‘Packaging Glass, Clear, at Site’, ‘Packaging Glass, Brown, at Site’, and Packaging 
Glass, Green, at Site’.  These LCA’s were conducted in Germany in 1996.  They include data 
that reflects the preparation of glass melt, melting furnace, feeder, container forming, 
cooling down, and packaging.  The LCA used from EcoInvent on the landfill process is titled 
Disposal, Glass, 0% Water, to Inert Material Landfill.  This study was conducted in 
Switzerland in 2000; it reflects only the exchanges to process-specific burdens (energy, land 
use) and infrastructure.  
The data collected from EcoInvent does not fully represent the recycling processes 
that glass from ASU experiences.  Glass recycled from ASU Tempe campus is sorted in one 
facility, SHTS, and recycled in another, MRF.  However, based on the data available for, this 
LCA it is assumed that the data collected from ‘Packaging Glass, Clear, at Site’, ‘Packaging 
Glass, Brown, at Site’, and Packaging Glass, Green, at Site’ represents emissions and 
energy use for both the SHTS and MRF combined.  Although the data for the SHTS and MRF 
are represented by one study, the impacts from transportation to each facility were still 
individually included in the final analysis.  Data collected from EcoInvent for the sorting and 
recycling process provided values for greenhouse gases, energy use, and PM <2.5 per kg 
recycled. 
The data collected for the landfill process from EcoInvent only accounts for 
processing and infrastructure use onsite.  This provided only part of the landfill impact that 
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needed to be analyzed.  More data for emissions from glass in place at the landfill have 
been collected from other sources.  The data collected from EcoInvent provides values for 
greenhouse gas, energy use, and PM <2.5 per kg processed at a landfill.  
In order for data collected from EcoInvent to be useful, steps have been taken to 
ensure similar data sources were used.  EcoInvent provides GHG emissions based on a 
variety of global warming potential (GWP) factors to put the data in terms of CO2 
equivalence.  For this study, total GHG emission data collected are based on the IPCC 2007 
GWP factors.  Energy data collected from EcoInvent had to be coordinated between each 
study as well.  The LCA’s used each provided two energy consumption analyses.  
Cumulative energy demand have been collected from each study to represent energy usage 
for each process.  PM <2.5 data provided by EcoInvent break down where PM released; in 
high populated areas, low populated areas, high in the atmosphere, as well as an 
unspecified value that accounts for any other location.  For this study, all PM <2.5 data 
points were used to account for all PM in each process regardless where it is released.  This 
allowed the data to reflect a total PM production for each process.  
Greenhouse gas data obtained from EcoInvent was collected in Germany, over a 
decade ago; therefore, the data collected does not completely represent Arizona emissions 
for the present. One method used to adjust the data to better reflect Arizona conditions is to 
account for the greenhouse gas emissions from the Arizona energy mix.  In order to do this, 
data points of grams CO2 eq per kWh currently produced in Germany and Arizona were 
collected.  In Arizona, 553.9 grams CO2 eq are produced per kWh generated (EPA eGrid).  
In Germany, 460.88 grams CO2 eq are produced per kWh generated (IEA).  EcoInvent 
provides the amount of kWh used per unit of glass recycled.  Using these data points the 
amount of GHG produced from the German energy mix were removed from the total GHG 
value and the amount of GHG that would be produced from the same amount of energy 
assuming an Arizona energy mix was added to the total GHG production.  This allowed for 
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the data to more accurately reflect the Arizona energy mix and provide more relevant data 
of the ASU Tempe campus recycling impacts.  
In order to account for GHG, energy use, and PM emissions from the transportation 
of the glass, the modeling program GREET was utilized.  GREET is the Greenhouse Gases, 
Regulated Emissions, and Energy use in Transportation model by Argonne National 
Laboratory.  This model allows for a vehicle to be modeled by adjusting specific factors of 
the vehicle and then provides energy use and pollution quantities per mile traveled.  For the 
purposes of this study, a recycling truck was created within GREET to provide the necessary 
data.  The designed recycling truck was assumed to weigh 40,000 pounds and have a 
battery weighing 122 pounds (TruckPaper, 2013 and InterstateBatteries, 2013).  In order to 
determine GHG emissions from the results of the model, the IPCC 2007 GWP factors were 
used.  Values of carbon dioxide (CO2), nitrogen oxide (N20), and methane (CH4) were 
pulled from the results and multiplied by their corresponding GWP factor to determine a 
total CO2 eq value.  The energy data provided consisted of fossil fuels, coal, natural gas, 
and petroleum.  These values were given in terms of BTU then converted to kWh and added 
together to find a total energy consumption per mile.  Finally, the model provided a single 
value for PM <2.5 produced per mile by the vehicle.  The collected data was then multiplied 
by the appropriate mileage based on the trip it is representing.  These values were used for 
the three trips considered in this study: from ASU to the Sky Harbor Transfer Station, Sky 
Harbor Transfer Station to MRF, and ASU to Landfill.  
For this study, emissions of glass in place at landfill needed to be collected.  
EcoInvent data provides impacts for the processing of glass at a landfill, however, does not 
account for any emissions released after being placed in the landfill.  In order to account for 
this impact from the end of life, the WARM model was used.  WARM has assumed factors of 
GHG emissions per unit of glass recycled.  This value was taken and applied to GHG 
emissions collected for this LCA.  It was assumed that once in place at the landfill glass 
consumed no energy and produced no PM <2.5. 
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Finally, the last data collected was related to glass production from virgin materials.  
This was included in the study to show the differences between reusing glass from recycling 
and producing glass from virgin material.  The WARM model was used to determine factors 
for GHG emissions per unit of glass produced as well as energy use per unit of glass 
produced from virgin materials.  WARM provided factors for both GHG and energy use based 
on studies conducted of glass production within the United States.  However, WARM does 
not provide a factor for PM <2.5 emitted per unit of glass produced from virgin material.  A 
value for PM <2.5 was found in a document published by the EPA that discusses standards 
for particulate matter from glass manufacturing (gpo.gov). 
All data was converted to represent emission quantity and energy use per kilogram 
of glass passing through the system. For the clear, brown, and green glass LCA’s, the 
results were used by determining the average percentage of each glass type in a typical 
recycling mix.  It was found that clear glass accounts for 55%, brown for 38%, and green 
for 7% (ODNR).  These percentages were used to allocate the appropriate amount of 
emissions and energy consumption per type of glass flowing through the system.   
After obtaining and organizing all data in terms of ‘per kg recycled’ and ‘per kg 
landfilled’, quantities received from ASU were used to adjust the data to determine ASU 
Tempe campus emissions and energy use per week. Estimates of glass recycling based on 
information received from the ASU Recycling Programs Manager and national averages of 
recycling mix were used to determine a value of glass recycled and glass thrown away at 
the ASU Tempe.   
Assumptions & Uncertainties: 
There were many assumptions that had to be made as a result of the paucity of ASU 
glass recycling data available, starting with the assumption that the total yearly recycled 
material created by ASU could be divided into a weekly total. It was assumed that all the 
recycled material accounted for in the total recycling quantity value obtained was generated 
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by the ASU Tempe campus alone. With ASU having multiple campuses within the Phoenix 
metropolitan area, it is unlikely this number is only representative of the Tempe campus. 
 It is also unlikely that the commingled recycled material collected on ASU Tempe 
campus is transported using one truck only once a week, and that the ASU commingle 
recycled material is made up of 5% glass. This percentage was obtained through personal 
communications with an ASU Recycling Programs Manager and is also only an estimate, 
rather than a precise figure.  This again is a direct result of a lack of data collected by ASU 
of their recycling program. 
There are also many assumptions that are embedded in the data such as 
transportation routes used, the induced demand for new recycled materials, and the 
assumption that recycling processes in Germany are the same as the United States with 
respect to infrastructure and machinery. 
With respect to EcoInvent, the data came from German studies in the year 1996. 
Because Germany has a different energy mix, the GHG emissions related to the energy use 
had to be adjusted to represent the Arizona energy mix. This was done by determining 
Germany’s CO2 equivalent per kilowatt and replacing it with Arizona’s equivalent. These 
geographic and temporal discrepancies require assumptions to made, such as energy mix 
GHG equivalencies that create uncertainties within the data. 
There were also assumptions made involving GREET. As mentioned above, GREET 
was used to determine the transportation impacts associated with the transport of recycling 
and landfill waste. This was done by modeling the truck used for the transportation of the 
material. In this case the modeled truck was 40,000 pounds with a 122 pound battery. This 
was based on some research of various trash and recycling trucks, however, the actual 
trucks used for this process were unknown. 
The EPA tool, WARM, was also used to assist in generating data for this study. From 
WARM, factors for GHG landfill emissions, GHG emissions related to virgin glass production, 
and energy consumption associated to virgin glass production process were collected. These 
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factors were generated through studies done by the EPA of various waste systems. The 
usage of the factors assumes that the system in Phoenix, Arizona is similar, which is 
unlikely and adds to the uncertainty of the results. 
National averages were also used to aid in determining reasonable data points for 
this study. With such limited access to data, these factors were necessary in order to carry 
out the LCA. However, because these are national averages rather than locally sourced 
numbers, there is uncertainty built-in to their use. These national averages included the 
total percentage of glass recycled versus landfill (23% recycled and 77% landfilled) and the 
percentage breakdown of the types of glass within that total (55% clear, 38% brown, and 
7% green). This study did not include lab or blue glass. 
 Another major uncertainty within our study is the knowledge of where the glass goes 
once recycled. If the glass must be shipped hundreds of miles to a bottle production facility, 
the additional emissions and energy use associated with the increased transportation could 
be significant.  This lack of data potentially alters the significance of transportation for the 
process of recycling.   
All of these assumptions highlight how little data is collected and available by waste 
management industries and institutions like ASU for the specific waste streams. Therefore, 
making a completely accurate analysis of the process is nearly impossible. It is hoped that 
more detailed collection data systems are implemented in the future to help inform future 
studies such as this. 
Results: 
 
This LCA of glass recycling versus landfill for the ASU Tempe Campus produced 
results that allow for a better understanding of how glass consumed and disposed of at ASU 
impacts the environment.  Data sources that include EcoInvent, WARM, and other published 
documents were used to determine the results.  These sources provided factors per kg 
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recycled for each process that glass either recycled or sent to a landfill experience from 
collection on campus to the end of life.  
      After collecting the values of GHG emissions, energy use, and PM <2.5 released at 
each stage of the recycling and landfilling processes, estimates of total ASU glass recycling 
were used to determine total impacts resulting from ASU glass use.  Based on the total 
commingle recycling collected by ASU in the 2011-2012 fiscal year and estimating that glass 
accounted for 5% of the collecting recycling, it was determined that 2,101.16 kg of glass 
are recycled each week at the Tempe campus.  This value was used along with the collected 
data to determine that glass recycled at ASU produces 1,328.136 kg CO2 eq per week, 
results in the consumption of 6,354.242 kWh per week, and emits 143.002 g of PM <2.5 
per week.     
      To more accurately represent the impacts of sending glass to the landfill, both the 
impacts of sending glass to the landfill and the induced need for glass production from virgin 
material were considered.  Composition of waste produced by ASU is unknown, so in order 
to determine how much glass is thrown away, the EPA national average for glass recovery 
was used. The EPA reports that 23% of glass is recycled, therefore 77% of glass is thrown 
away and ends up in a landfill. With 2,101.16 kg of glass being recycled each week at ASU, 
this number represents the EPA recycling rate of 23%. Based on this assumption, 7,032.589 
kg of glass is thrown away on the ASU campus each week, representing the remaining 77% 
of glass. As a result of this glass being thrown away, it was also assumed that all glass lost 
to the landfill needs to be reproduced from virgin material.  This requires that 7,032.589 kg 
of glass be produced from virgin material to keep up with demand. With these assumptions, 
this LCA has determined that ASU Tempe campus glass disposal through landfill as well as 
the induced virgin material glass production results in the release of 4,240.618 kg CO2 eq 
per week, the consumption of 15,036.584 kWh per week, and emission of 926.257 g of PM 
<2.5 per week. 
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 The results collected are located below in Tables 1-3 and Figures 3-5.  Table 1 is a 
breakdown of the impacts of each step of the recycling process for GHG, energy use, and 
PM <2.5.  Table 2 provides a breakdown of the impacts of each step of the landfill process 
including glass production from virgin material.  Table 3 provides a totaled value for each 
impact category for recycling and landfill.  Figures 3-5 display a comparison of GHG 
emissions, energy use and PM <2.5 emission between recycling and landfill.  The negative 
bar in the recycling displays the avoided emissions and energy use from the process of 
landfilling the same quantity of glass recycled at ASU each week.   
  
Table 1: Recycling Glass at ASU Tempe Campus per Week  
Recycling Glass at ASU Tempe Campus per Week GHG (kg CO2 Eq) Energy (kWh) PM<2.5 (g) 
Transportation from ASU to Sky Harbor Sorting Site 1.918 13.853 0.214 
Transportation from Sky Harbor Sorting Site to MRF 22.815 164.743 2.542 
Recycling Site Clear Glass (55% of recycled glass) 730.861 3,422.286 77.623 
Recycling Site Brown Glass (38% of recycled glass) 490.515 2,346.807 53.301 
Recycling Site Green Glass (7% of recycled glass) 82.027 406.553 9.322 
 
Table 2: Landfill Glass Impact at ASU Tempe Campus per Week 
Landfill Glass at ASU Tempe Campus per Week GHG (kg CO2 Eq) Energy (kWh) PM<2.5 (g) 
Transportation from ASU to Landfill 24.370 175.975 2.715 
Landfill Process 14.989 115.872 9.306 
Landfill  92.645 0 0 
Glass Production from Virgin Materials 4,108.613 14,744.737 914.237 
 
Table 3: Total Glass Impact at ASU Tempe Campus per Week 
Method of Disposal (Totaled) GHG (kg CO2 Eq) Energy (kWh) PM<2.5 (g) 
Recycling 1,328.136 6,354.242 143.002 
Landfill 4,240.618 15,036.584 926.257 
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Figure 3: Weekly Glass Recycling & Landfill GHG Emissions including Virgin Glass Production, Compared 
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Figure 4: Weekly Glass Recycling & Landfill Energy Consumption including Virgin Glass Production, Compared 
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Figure 5: Weekly Glass Recycling & Landfill PM <2.5 Emissions including Virgin Glass Production, Compared 
  
Tables and Figures located in the Appendix Supporting Data section at the end of this report 
display the impact factors used to create the above results. 
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Discussion & Policy Suggestions: 
 The initial data demonstrates that recycling consumes more energy and produces 
more GHG and PM <2.5. This is a result of an increased distance of transportation needed 
as well as a greater amount of resources required to sort and recycle the glass opposed to 
disposing of it in a landfill.    
 With a deeper analysis of the recycling results, it becomes apparent that the driving 
factors are the sorting/recycling processes for each color of glass. This is expected since the 
transportation distances is relatively low and the color glass data includes both sorting and 
recycling. The values of GHG, energy use, and PM <2.5 for each color are very similar. 
However, because there is much more clear glass in the recycling system then brown or 
green, more energy is used and emissions generated for clear glass.   
 When analyzing the impacts of landfill, each category appears to be driven by a 
different stage. GHG emissions is greatest for the emissions produced by glass that is in the 
landfill, whereas energy consumption is greatest for the transportation of glass to the 
landfill. The most PM <2.5 is produced during the glass processing at the landfill before it 
reaches its final resting place.  However, these driving factors become minimal when virgin 
glass production is introduced.   
Virgin material was included in the landfill portion of the study to account for the 
future need for the new virgin material acquisition and glass production that is required 
when a glass container is not recycled. By recycling, we are assuming that a portion of the 
next unit of glass production is offset by the reused material. However, when glass is sent 
to the landfill, new material is needed to meet the demand. This allocation is where 
recycling demonstrates its real benefits. For each impact category, the glass production for 
the next unit of glass in response to landfilling is the greatest contributor, further 
highlighting the benefits of recycling. It is clearly represented in both the Tables and the 
Figures below that recycling reduces the overall emissions compared to landfilling. 
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 As mentioned throughout this report there is a need for more comprehensive data 
collection surrounding waste management systems. With such limited data available for 
studies such as this one, the results are rich with assumptions. With more data, these types 
of LCA studies would not only be more accurate, but could help inform decision making 
efforts and improve waste management practices that would save room in landfills. 
 While this study does integrate many sources and assumptions, we are still able to 
get a better sense of the impacts and their significance related to the recycling and 
landfilling of glass. This can help to get a sense of how to improve certain supply chain 
systems, where to focus the most attention for efficiency gains, and how new policy might 
be able to play a role in speeding up desired outcomes.  
An example being policies that are being used in Denmark. The policies enacted in 
Denmark have resulted in glass recycling rates for approved bottles of nearly 99% (Farmer, 
2010). This was accomplished with mandates on the types of containers that can be used, 
the encouraged reuse of beverage bottles, and taxes on glass bottle usage. This Denmark 
model has been very successful in creating a glass recycling program, but could prove to be 
more difficult to implement in a state like Arizona or a country as big as the United States. 
A proposed Bottle Bill might be a good way to spur glass recycling participation and 
consequent economic growth in the Phoenix metropolitan area, however, this would 
introduce incentives to bring glass away from campus and to the designated community 
redemption sites. 
 
Conclusions & Further Research: 
          
         Life-cycle assessment studies, though time consuming, can give local recycling 
decision makers valuable insight for their waste management programs’ environmental 
impacts and efficiency, one waste stream at a time. At the surface level, recycling glass 
bottles is considerably more intensive than throwing them away with the trash due to the 
19 
 
physical nature of this specific packaging material. However, the true benefits of glass 
recycling begin to show when glass production from virgin materials is also included. With 
the current national glass recycling rate being so low, producing new glass to meet demand 
far exceeds the impacts associated with current glass recycling operations.  
      With additional time and data, further research would be applied to expand the 
system boundary of the LCA to compare additional end-of-life options for glass beverage 
bottles that might be more suitable for ASU and the Phoenix metropolitan area. This would 
include quantifying the impacts for glass bottle reuse systems and how take back policies 
could potentially affect the current rates of recycling, market prices, and the amount of 
virgin glass production.   
 In conclusion, the Recycling Program Manager and her staff at ASU along with Waste 
Management should focus on diverting more glass from the landfill and into the recycling 
system in order to reduce the production of additional new glass to meet demand.  
Furthermore, with a greater focus dedicated to collecting a higher percentage of glass 
through recycling, increased efforts should also be made to improve data collection of the 
recycling mix to allow for a better, more efficient program to be designed specifically for the 
needs of ASU. 
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Appendix - Supporting Data: 
  
Table 4: Life Cycle Inventory Data for Glass Recycling Processes 
Glass Impacts per kg Recycled GHG (kg CO2 Eq) Energy (kWh) PM<2.5 (g) 
Transportation from ASU to Sky Harbor Sorting Site 0.0011 0.0076 0.0001 
Transportation from Sky Harbor Sorting Site to MRF 0.0126 0.0908 0.0014 
Recycling Site Clear Glass (55% of recycled glass) 0.3478 1.6288 0.0369 
Recycling Site Brown Glass (38% of recycled glass) 0.2334 1.1169 0.0254 
Recycling Site Green Glass (7% of recycled glass) 0.0390 0.1935 0.0044 
        
 
Table 5: Life Cycle Inventory Data for Glass Landfill Processes 
Glass Impacts per kg sent to Landfill GHG (kg CO2 Eq) Energy (kWh) PM<2.5 (g) 
Transportation from ASU to Landfill 0.0134 0.0970 0.0015 
Landfill Process 0.0071 0.0551 0.0044 
Landfill  0.0441 0 0 
Glass Production from Virgin Materials 0.5842 2.0966 0.1300 
 
 
  
Table 6: Life Cycle Inventory Totals for Glass Recycling & Landfill, Compared 
Method of Disposal (Totaled) GHG (kg CO2 Eq) Energy (kWh) PM<2.5 (g) 
Recycling 0.6340 3.0376 0.0683 
Landfill 0.6489 2.2488 0.1359 
 
 
  
 
